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•Xiao }a6jB} 

9tn Aq uox^Bzxxeuja^ux uj s^xnsaj Suxpuxq-joqdaoaJ 
©qx 'Xiao }a6jB3 aq} 30 jo^daoaj aq} 0} AxaAf^oaTSS 

spu"j:q }j aiaqM uisxub5jo ub oq, pajaqsxuxuipB 
aq ueo nao jo shjxa pax^xpoui aqx 'II^o }a6jB} aq} S3 
30 aoegjns aq} uo joqdaoaj e 03 spuxq AxiBOTjxoads 
qoxqM zibo *° stijxa paxjjpoui b aonpojd 0} XT ao 
jo snjXA aq} 30 aoB^jns aq} o;uo axnoaxom oxjxoads 
-jo}daoaj b 6uxonpoj}ux Aq uox}bzxxbuj3}ux J03 
1190 }36jb} aq} 03 pa}afijB} sx 10 soixa y OZ 

'XT^s }a6JB} b uox}bzxxbuj3}ux aAX}oaxas J03 
pa}a6JB} 3jb qoxqw sxx^ 3 P UB sasnjxA paxjxpoui 0} pus 
XX33 ^q (W^TA UT JO) UT uox^BZXxeuja^ux 

aA^^oaxas J03 xi ao }35jb} b o} hbo * *° shjxa b 
6ux}a6jB} 30 poq}aui b O} suxB}jad uox}uaAUX aqx ST 

•AdBJaq} 

aua6 ux xtt3asn aq pxhom shjxa aq} 30 uox}BOxxdaj 
puB uox}oa3Xix BuxufB^qo pub \\&o }36jb} b 
sauaS u6xaj03 6uxuxb}uoo sjo}oaA pxos oxaxonu 30 01 
sadA} jaq}0 jo x"T A 6ux}a6JB} J03 suBaui v # }ou PTP 
uox^BOXxdaj pub uox}oa3UX 'pajjnooo uox}bzxxbtij3}ux 
puB fiuxpuxq axtqM 9 jaAaMOH "JO}daoaj uxjj33Subj} 
aq} 6uxjBaq sxx 9 ° UBumq 0} snjXAOJ}3J b 30 Ajbaxx^P 

uxB}qo 0} saxpoqx}UB jo}daoaj uxjja3SUBj}-x}UB s0 

pa^uxx (886T) *S3-TSZ:T5T adoxojxa T ^ 
'•g 'pnoo 'axduiBxa 10,3 *sasnjxA 0} saxpoqx}UB 
6uxqoB}}B Aq pa}0ajxpaj aq ubd A}xox3Xoads 
shjxa }Bq} uwoqs aABq s jo}b6x}S3aux amos 



•assasxp aq} pub ua6oq}Bd aq} jo £pn}S 
joj uia}s£s iB^uauif jadxa ub aonpojd o} }soq uBumq-uou oe 
e }033ux o} patgipoux aq ubo (snjxA saiY *o sx}*f}Bdaq 
aq} sb qons) ua6oq}Bd uBumq oxdoj}ooa ue 'axduiBxa 
joj -saseasxp aq} 30 £pn}s joj padoxaAap aq ueo 
s}JBdja}unoo letuxue xequauixjadxa a}BnbapB aABq }ou 
op qoxqM saseasxp usumq 30 siapoui t«^T UB '< Sbm S TU3 S3 
ui '^oagux Xitbuijou }ou pxnoM }T 'MJ03 paxjxpouiun 
ux 'qoxqM ubo * }o»3«T hxm }X }Bq} os paxjxpom 
aq ubo }ua6s aAx^oajux uy •umxja}OBq jo shjxa 
b sb qons }ua6B aAX^oagux ue 30 uisxdoj} x«h}bu aq} 
6u|J3}xb J03 susaui b sapjAOJd osib poq}eui aqx OZ 

•sxxao 30 uox}BJ3}X B ox}aua6 
aAX^oaias J03 ttbo qoxqM suox}BOXxddB jaq}0 ux 
pue Zdejaq} aua6 u^ pasn aq ubo sJO}oaA asaqx # IT©° 
}36jb} b ux AxaAX^oaTBS passajdxa pus pa}BJodJOOux 
aq ubo saua6 snouaBoxa 'axduiBxa joj "Tiao }a6ae} b ST 
0} (saua6> pxob ofaionu sb qons taxja^Bui 30 jfcxaAXxaP 
aAX^oaies J03 sjo}03a jbthitso " I"T A aonpojd 
0} pasn aq ubo uox}uaAux sxq} 30 poq}aui aqx 

•uox}xuBooaj jo}daoaj J03 atnoaioui aq} asodxa 
0} aofi3Jns aq} 6ux}eaj} Aq JO aoB3^ns aq} 0} 's}uaBB oi 
6ux6pxjq q6nojq} 10 Ai^oajxp jaq}xa '}x 6uxidnoo 
JClXBOxuiaqo Aq (auBjquiaui jfiinnao jo adox^Aua 
Xbjxa b o}uo '-5-a) Tiao jo snjXA aq} 30 aoB3Jns aq} 
o}UO paonpoj}ux aq ubo axnoaxoui ox3toads-JO}daoaj 

aqx 'JO}daoaj aq} J03 puBBxx oi}aq}u£s go 
jo iBJn^BU b aq ubo axnoaxoui ox3Xoads-jo}daoaJ 
aq} puB sa}Xoo}Bdaq 30 JO}daoaj uxa}OJdoo^x6oiBXSB 
aq} sb qons pus6xx punoq b 30 sxso}Aoopua sa}Bxpaui 
qoxqM jo}daoaj b aq ubo jo}daoaj JBxnxxao ®MX 
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•uijoj (pajaneun jo) xbjt^bu ux stijxa aq} Aq pa}0a3ux 
AUBUIjou }ou sa&£} jo ad£} Tiao e 03 A^iAt^oajux 
^a6je^ oq. paqoajxpaj jo paja^iB a Q UBO snjfA 
b 50 uisxdojq, aqq. 'uox^xppB ui *A}jadojd Bufisxxa OE 
ub a}B6ojqB 03 jo nao aq} uodn A^jadojd iBOxmaiiooxq 
jo xfioxBoioxq Mau b ja^uoo japjo ux nao qaBJB} 
b 0} YNd iBuox^oung 'snoua6oxa jaAxxap AxaAx^oaxas 
oq. pasn aq ubo sasriJXA paxjxpom qons "snao 
qaBjB} oxgxoads ^oagux 03 paxgxpoui aq ubo sasnjxA 
'uoxquaAux sxqi 30 poqqaui aq} 03. Buxpjooov 

•Xiao aq} Aq pazxxBUjaqux sx 
pus OATA TTT neo }a6jB} aq} 30 jo^daoaj aq} 0} spuxq 
Xiao jo stijxa paxgxpoui aqx # TI 9 ^ J0 stijxa pe}a6jB} 

aq} 30 uox}BZXXBUja}ux a}Bxpaui XTT M qoxqM auo oz 
sx jo}daoaj aoB3Jns jBinxiao aqx *it^ }96jb} aq} 
30 Joqdaoaj aoB3Jtis b o} spuxq ZnBOX3xoads qoxqM 
ainoaiom b aonpoj}ux 0} ll^o 20 shjxa aq} 30 aoB3Jns 
aq} 6ux^3xpoui Aq nao }a6JB} b o}ux uox}szxxeuja}ux 

eAX^oaxas jo? pa}a6jB} sx xi^s ^o stijxa y ST 

us^usaui aq} 30 uot}dt33S5a pstte^q 

•a}B6nCuoo uxa}OJd 
-oo^xfioi^TSB-snjxA 3X s d 0} pasodxa sxxao shoxjba 
30 A}xax}db asBpxso}OBiB6-g aq} swoqs * ajn6x,a 

•OSID xapBqdas uo stuja zxsd paxaxduioo-pxoonm qx 
-ojooxbxsb 30 uiBjSo^Biuojqo b SMoqs z ajnBxj 

•snjXA 

Bxuia^nax auxjnui -Sauoxow P©TJTP 0U1 P^T^QBIOTQ-Sgg 

30 uox}BzxiBUja}ux SMoqs 3 ajnSxa 

•sruxA Bxma^nax auxjnui so 
pax3xpom jo pax3xpouran q}xw Zxa^BJBdas pa}Baj} 
snao xdaH PUB ZDdaH ' EXE HIN ux uoxssajdxa 
asBpxso:*OBXB6-g A}T3 GT swoqs x ajnBx^ 
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fea^BJpAqoqjBO }UB T d Buxjjnooo atibju^bu 'uox^xppB 
ui -sanpxsaJ aso}OB T B6 iBupuja} esodxa o} pa^aj} 
ATTBOX^BUiAzua aq ubo jo sanpxsaj aso^oBisB iBuxuua} 

uxbiuoo jaq}X3 sajn:pnj}s Jjbuwub-bjw 0 £ 

pus -JJ} iCiiBxoadsa ' suxa}OJdooAr6 isjn^BU 
uiojj pauxB^qo saaa^ a^BjpAqoqjBO apn T oux 6ux^a6aB^ 
a^Jtoo^Bdaq J03 sa^BjpAqoqjso T BUTUija*-9so:*OBTB6 
Ttijasn aaq^O -uxnwoiBXSB jo pxoomiosojooiBXSB 
apnxonx suxarjojdooAiBoiBXSB ?o saiduiBxa -pe-Jje?^*" S3 
3jb spuB6xT (iBUxuiaa^-aso^oBtsB) uxa^oJdooAiBoiBXSB 
'sat^oo^Bdaq o* BuxiaBJB} oxjxoads 203. -saTnoaTOui 
oxjxoads-ao^daoaa sb pasn aq ubo sdnojB a:*BjpAqoqjBO 
IBaxuiaa^ pasodxa uxb^jbo 6uxABq suxa^JdooAiD 

•sa^oo^Bdaq 30 jo^deoaj uxa^ojdooArBoTBTSB aq* OZ 
sb qons 'sxso^oopua 30 ssaoojd aq} Aq pubBxt. aq} 
30 uox}Bzx T BUja}ux saqsxpaui qoxqw JO}daoaj aosjjns 
jBTmiao b jo 3 puBSxx b sx axnoaioui aq} '^qsiejaad 
• IT ao }36jb} aq} 30 jo}daoaj aoB3Jns aq} J03 
puB6x T b aq ubo aT.tioaT.oui ox3Xoads-JO}daoaj aqx ST 

•pa}a6jB} aq ubo snao 

UBXTBUiuiBUi 'uox}xp P B ui -paJ9}Te SQ UBO UlSXdOJ} 
asoqw sauiosouBdAj} jo Bozo}OJd 'sxja}OBq sb qons 
suisxubBjo jBin TT ao apn T oux asaqi -snao 6ux}a6jB} 
30 suBaui b sapxAOJd ostb poq}aui }uasajd aqx OT 

•pa}aBjB} aq 

ostb ubo (adoxaAua tbjxa „A}duia,. "6-a> PT-ob oxa T onu 
oxuiouaB 30 PTOAap Aia}aiduioo jo Aiisx^uassa jaq^xa 
saiox^JBd tbjxa 'axduiBxa joj -uox}oun3 Jo ajn}onj}S 
ux aAX}oa3ap asx«jaq}0 jo 8AX}oa3ap uox}BOXTdeJ aq so 
ubo snJXA aqx -(snjxAOuapB 'sujxa sx}x}Bdaq '-6-a) 
sasnjXA YMa JO (sasnjxAOJ}aJ> YNH sq ubo sasnjxA 
aqx -uox^ueAUX sxq} 30 poq}aui aq} Aq pa}a6JB} 
aq ubo sasnjxA padoxaAua }uaJ333IP 3« A}3xjba * 
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BXA JO 'UOX}BUXUIB 3AX}Onpaj 'UOX^BUXUIBSO^OBI 

£q suxaqojd aosgjns JBinnao jo ibjxa 03 paidnoo 
Al^uaxeAoo aq ubo (joqdaoaj uxa}OJdooAi6oiBXSB 
aq} jog pue6xi) sanaxoui 3so}obib6 'aiduisxa 0 e 
Joa *aoBgjns aq:* 03 paidnoo AnBOxuiaqo sx axnoaxoui 
oxg-poads-joqdaoaj aqq. 'ZxqBjagaja 'sueaui quajaggxp 
Aq nao so snjxA aq} 50 aoBgjns aqq. oquo paonpoj^uj 

aq ubo axnoaxoui oxgjoads-joqdaoaj aqx 

•pasn aq Aem squauoduioo S3 
Jaqqo qnq aoBgjns aq} go quauoduioo snoaoBuxaqojd 
b (uo pasodxa jo) 03 paxdnoo aq hxm axnoaxoui 
si» 'ie3au96 UI 'nao e 50 auBjquiaui aqq. jo snjxA 
b 30 adoi^Aua eqq o^uo paonpojqux aq ubo axnoaxoui 

oxg-poads-joqdaoaj aq} 'aiduiBxa joj *jo}daoaj qz 
aosgjns JBinnao a}Bu5oo aq} Aq pazxuSooaj aq XTT M 
}x }Bq} os xxao jo snjxA aq} go aosgjns aq} o;uo 
paonpoj}ux sx axnoaxoui oxgxoads-jo}daoaj aqj, 

• saanpaoojd 

pjspuB}s Aq paonpojd aq ubo sjo}daoaj aosgjns si 
jBxnxxao jog oxgxoads saxpoqx}uv 'aoBgjns nao aq} 
uo (ua6x}UB '-6*a) puB6xi b spuxq qoxq/* 'Zpoqx}UB ub 
sb qons 'axnoaxoui a*ixi-jo}daoaj jo jo}daoaj b aq ubo 
axnoaxoui oxg-poads-jo}daoaj aq} 'j£iaAX}BUja}iv 

•sjo}daoaj oi 
aAX}oadsaj Jxaq} puB sapx}dad£iod uxj}sb6 'uo6Boni6 
'uxxnsux apnxoux asaqj -sao^daoaj 6uxpuodsajjoo 
0} snao jo sasnjxA }36jb} 0} pasn aq osxb pxnoo 
sauouuoq apx}dad sb qons spufifixi JO}daoaj jaq}0 

" snao x^xxaq^opua jo sa66qdojoBui }a6jB} so 
0} pasn pxnoo sajn}onj}s a}BJp£qoqjBO iBuxuua} 
asaq} SuxABq sa}BjpjtqoqjBo jo a}Bqdsoqd 9-asouueui 
puB asouuBui 'axduiBxa joj 'pasn aq ubo sa}BjpZqoqjeo 
go sadL£} jaq}0 'sjo}daoaj jaq}o 6ux}a6jB} joj 

■ 

-9- 

£0UO/l6Sfl/IDd 08190/16 OM 



spn 30 poq^aui aq} 03 6uxpjoooe 'patjxpoui uaaq 
seq qoxq/* io^3A xvi ta b o^ui pa^BJOdJOOUj sx pxos 
oxaxonu aqx •uoxqoung aua6 30 jco^TqiifUT asuasx^uB 
ue jo ^uauiaia Aao^einSajt ox^auaB e 'auafi snouaBoxa 0£ 
ub aq ubo pxob ojaionu aqx •Xias aq:* U T passajdxa 
sx }x }Bq3 os (OUtA uT jo) oaia tTT xxao }36jb} 
b 03 (YNH JO YNd) PT 3e oxaxonu jaAXxap AxaAX^oaxas 
03 pasn aq ubo uox^uaAUX sxqq. 30 poq^am aqx 

•auxxss 

IBUijou sb qons axoxqaA axqst^daooB £xT E 3J 6 OTO!S-£qd 
b ux (^isnouaABJ^ux AxteoxcL*}) ^HBJa^uajBd 
paja^sxuxuipB aq ubo Zaqx 'Xiao aq:j a^fi^dn 
azxuxxxBui Zqajaq} pus nao ^afiJB} aqq 30 sjoqdaoaj 
a^BJn^Bs 0} q.uaxoj33ns ^unouiB ub ux ZxiBjaueB 'TTKJK OZ 
UT pajaqsxuxuipB. sx nao jo siuxa pax3Tpoui aqx 

*^uauiaBuBjjB 

^jBuua^uB-BJ^a^ jo -xjq b ux sanpxsaj aso^OBXBfi 
XBuxuua} pasodxa saABax sa^BjpAqoqjBo^xod uxB^jao 30 

^uaui^saj} asBp-puxuiojnau 'axduiBxa joj -Buxpuxq pus sx 
uox^xufiooaj joqdaoaj ox3*coads J03 sanpxsaj xeuxuua^ 
sb (sanpxsaj asoqosxBB "B*a) sanpxsaj a^BJpjtqoqjfio 
pajxsap asodxa oq paABexo ^xieox^Bui^zua aq ubo 
sa^Bjp^qoqjBDAxod aoB3Jns •aoB3Jrts aq} uo axnoaxoui 
ox3xoads-jo^daoaj b asodxa o^ pa^Baj} Xxxeoxuiaqo OX 
aq ubo ubo jo snjXA aq} '^xaAx^suja^XY 

*XXao *° snjXA aq} 30 }uauoduioo 
aoB3Jns pa}BX-£ux}oxq b O} uxpfA8}daj}S jo uxpjAB 
qBnojq} paijuxx aq ubo axnoaxoui ox3xoads-JO}daoaj 
pa}BX^ux}oxq b 'aouB^sux JO£ -uxpxAB pus ux^oxq go 
sb qons s^uafiB 6ux5pxjq qfinojq} Xiao JO snjXA aq} 
30 aoB3jns aq} 30 s}uauoduioo 04 paxdnoo ^xx^oxuiaqo 
aq ubo axnoaxoui ox3xoads-JO}daoaj aq} ' s}uauixpoquia 

jaq}0 ui *saAX}BAXJap x*q}a£xoq}auiouxuix 
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•snjiA sx^x^Bdaq aq} 30 ^pn^s 103 uia^sAs ibuixub 
XB^uauixjadxa ub sapxAOJd 'snao :*uapoj jo }uapoj OZ 
pa^oagux aq} pue }uapoj e ^oajut ubo qoxq** stijia 
Sf}i}edaq paxgfpoui sxqx -snao aaAxx ^uapoj ^oajux 
XXXM qoxqw siijxa sx^x^Bdaq paxjxpow e spxaxX sxqj, 
•sruxA sx^x^sdaq aqq. 30 aoBjjns aqq. oquo paonpoj^ux 
aq ubo (aso^oeieB '*6 - a) lo^daoaj uxa^ojdoo^xfioiexsB qz 

}uapoj joj pus6xx b 'aiduiBxa 103 'sx^x^Bdaq 
30 siapoui ^uapoj doxaAap ox 'sxx^o iaAxx uBumq-uou 
^oajux XIT M os paxjxpoui aq ubo 'sxx^o 

I3axx UBiunq A\uo sqoagux qoxq/* stijxa sx^x^Bdaq aq} 
'axduiBxa jo£ *S}uapoj sb qons sxbuixub XE} uauj x2adxa 03 

^oagux 04 uiaq} axqsua 0} paxgxpoui aq ubo sasnaxA 
qons 'uox^uaAux sxq} 30 poq^aui aq} Aq *shbo UBUinq 
A\uo }033ux sruxA £ouaxox3apounuiuix UBiunq 10 sniiA 
sx}t}Bdaq se qons sasnjXA oxua6oq}Bd uxB}jtao 

*oaxa OT aua6 aAx^oajaoo gx 
b }36jb} 20 'oaxa ITT s}oa3ap ox}aua6 }oajJoo 
ubo }Bq} sxx^ aonpoad 0} sassasxp snox}oa3Ux usuinq 
30 Apn}s aq} J03 snia}sAs x^^uauixjadxa wau doxQAap 
0} pasn aq ubo }ua6B snox}oa3Ux ub 30 j£}xax}033ux 

aq} }a6jB} 0} Z}xxxqs aqj, *}oa3ux }ou op 'UIJ03 01 
paxgxpouran ux 'Zxisnijou Aaq} qoxqw saxoads ^oagux 
0} apBui aq ubo S}ua6s (pa}oxj}S32-saxoads) oxdoj}ooa 
•}ua6fi snox}033ux ub 30 wsxdoi} x"n}BU aq} aa}xe 
0} pasn aq ubo uox}u3aux sxq} 30 poq}aui aqj, 

*XI90 }a6jB} aq} Aq dn ua^fs} ^x^AX^oaxas sx }x go 
ajaqM 'paqxjosap sb 'oaxa UT paaa}sxuxuipB sx jo}03a 
Xbjxa pa}a6jB} aqj, • sasnjXAOJ}aj ajB (OaTa x$ jo) 
oaxa HT saua6 u6xaj03 30 XiaAxxap J03 sjo}oaA xvzta 
pajja3ajd 'XT^s 3i n 0} }x }36jb} 0} 'uox}U3aux 
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•snjtA em 04 UTa^0JdooXx6otexsB ub jo 6uiTdnoo 
XBOxuiaqo (g pus srutXA aqq. 03 sanpxsaj aso^oexefi 
30 SuiTdnoo iBOituaqo (y :snjxA pa^saAJtBq am 30 53 
aoegans ain 30 uoi^BOijtpoui axn 103 padoxaAap aia*i 
saxSa^BJ^s om} 'uox^BJtBdajd ibjxa sxtn 6uxsn *s£Bp 
Z jo j umxpaui s^TBea paxjxpoui s.oooaqxna aajj-uinaas 
ux paan^ino aiaM snao jaonpojd 'suxa^ojd uinaas 
uio.23 axqxssod sb uox^buxuib^uoo ai}}xi sb ii^xm stijxa 0 S 
ajtBdajd 01 • (00SI0) umaas 31BO pa^BAX^OBUX-^saq %0T 
iHXM pa^uauiaiddns (an 'pusxsi pubjo 'saxJO^BJoqBi 
00910) uinxpaui s.axfiBa paxJTPO^ s.oooaqxna ux 
umojS aaaM snao jaonpoid am '(886T) frSZ-TS3-E9T 
AfcOtO^TA ~T? /# a 'pnoo .'(8861) 8T0£-frT0£:?ff V3II ST 
'?3g 'P63V 't^^M *303d " T T g 7^ ' # WT 'uosixm -snao 
^uapoj Xxuo s^oagux srjxa sxin 'saouB^sumoaxo 

IBUiJOU aapun *(066T) E*fr-6Efr:rff VSn *T=>S 
J geav 't^feM '5013 ?3 "WT 'uositm *UB6xqoxw 
30 A^-psjaAxun 'uosxtm sauiBj? -Jd ^q papxAOJd Atpux^f OT 
sbm auxi xiao ajo * b u* paonpoid asBpxso}OBiB6~g 
XBXja^osq J03 aua6 ain 6uxuxb}uoo shjxa Bxuiavcnax 
auxanui Aauoxow '3AX}oa3ap-uox:»BOxidaj 'oxdoj^ooa ub 
'stuxa aqi •pasn sbm ma^sAs iBJtxAOJt^a* xapora y 

snjxAdi^s^ e 30 Ai^tstjt^dy so 

t ai<3wvxa 

•saxduiexa 6UXM01103 
an} JLq jaq^in3 pa}«}snixj si uox}u3aux aqx 
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pasn 9J9M saxduiBS hb 's^uauixaadxa ut^xxxqB^s J03 
}daoxa -uox^nxos %ot b a^BUi 0} itx^uanbasqns pappB 
sbm (ODSIO) uinjcas auxAoq ic^aj *U86X) 69X-99X:T?T 

•uiaqooxg 'ibuy ''N 'xodbs pub •£ ' -p{sa£zouioqD Q£ 
•uoTlOBJ^xa YNH ((9961) 9£X-ETT :"FT "Ten? 

■uieqaoxg -q^aw *Y 'M^Ta Pub -^'H 'ojutw) Abssb 
VHH £q pauuxguoo pue 'suox^om^sux s , jaanqoe jnueoi 
aq^ o} BuxpaoooB (vo 'saxaBuv soi 'pen-oxg) 
£bssb uxa^ojd Aq pauxuua^ap sbm sitao 03 amsodxa sz 
03 joxad saxdmBs ux ^uasajd stuxa 30 ^unouiB aqq. 30 
uox^b^x^ubtiO -(iw 'JtoqjY uuy /# oo aouaxos UBwxaD) 
saa^XT? rt 9*'0 qBnojq} aSessBd Aq pazxxxja^s ajaM 
saiduiBS aq:* 'sanoq tz ^03 }b umxpaui iBX^uassa 

umuixuxui }suxb6b sxsAxbxp Buxmoiioj -(8861) 02 
*9£-X9Z:r5T ^BOTOItA "TB" "9 'pnoo -^isnoxAaad 
peqxaosap sb (buiBxs) apxjpAqojoqouBAo umxpos 
q^XM paqosaj sbm (ynh I^jxa Bui t*0) uxa^ojd 30 
Bui o'E 6uxuxb}uoo ^uaxpBjB aso^OBi aq} 30 uox^objj 
uio^^oq aqq. 'uox^BBngx j;uao J333Y "uoxqBOxgxpom gx 
jog suox:;xpuoo xsuix^do auxuua^ap 0} japjo 
ux uox^B6njxa^uao 03 aoxjd '* m Q-fL 'SHd stioxjba 
03. pa^snCpB ajaM saxduiBS *sjnoq /.X 203 OoV 3* 
(UBunfoag) jo^oj gg xj,a ux uidj 000 'Ofr 3* (YD 'uouibh 
ubs 's^uaumj^sui uBunpag 'gg-gi) paBt^xaquaoBj^xn OT 

sbm puB 'YXaa WD X 'XDBN wui 09X 'XD-sxjx wm ox 
ux (ow 'sxno'i *qs 'buiBxs) asojons J03 pa^n^xqsqns 
sbm aso^OBX-» qoxqM ux ^uaxpBjfi jb6tis %03-0X 
b uo paxxddB sbm umxpaui 6uxuxb^uoo-st\jxa '3axjq 
ui *ajnpaoojd uox^bxosx aqq Bux:mp aso^OBX 30 go 
Buxxdnoo }xuuad 0} pax3xpoui }nq '(886X) *9Z-X92:r?T 
Adoxojxa T "3 'pnoo 30 poq^aui aqq. 03 BuxpjoooB 
umxpaui ajn^x n ^ aq^ ©023 pa^Bxosx sbm sujxa 

-0T- 
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uiojj pasBtpjiid sauxi Tiao om; ja^Bi aqx ' (-) 

joqdaoaj uxa}OJdooAi6oTBXSB ostb st qoxqM ((886T) 
*SZ-TSZ:E5T AbOTOitA "a 'pnoo) EXE HIN OE 

auxi lieo ^SBTqojqtj auxmui b pus .'((886T) EZifr~6TZ.fr 
'Uisqs "[3*3 •£ ^ 73 ' *2L*D -hm) <-) :ro}daoaj 
sxjjow 'auxi TT ao BUio^Bdaq }bj b .'an 'xuoig 
'auxoxpaw ?o 'aSailoo uxa^suxa 3:*aqTV 'z^xjjbus 'Vd 
uiojj (-) jo^daoaa 'idaH P^b .'Yd 'etqdiapBixqa S2 
'a^nqx^sui jb^sxm 'saiMOua *a*a U10J3 pauxB^qo 

((1861) T888-8Z.88:?5? 'TOtfl I i l T 'TV 

'z^JBMqos) (+) ao^daoaj uxa^oJdooAi6oiBxsB 'ZDdaH 
'sauxi Tiao Biuo^Bdaq UBumq rpaAoiduia ai9M sauxi nao 
-[BjaAas '^xoxjxoads uox^oajux ibjxa uo uox^box jxpoui qz 

XBOxmaqo 30 s^oagga aq} a}BiV[BAa ox 

"uinxpaui 

XBx^uassa umuixuxui }Suxb6b sxs^TBxp Aq pawonoj aAoqB 
paqxaosap se paxjxpoui puB s^uB^Btizadns uicuj pa^Biosx 51 
sbm snaiA -sjCbp £ 303 (11 'sr*q6xaH uo^Buthy 
'uisqsjauiv) auxuoxq^aui-Sgg T^/TO rt 01 6uxuxb}uoo 
umxpaui s,ai6Ba psxgxpoui s.oooaqina aajg-auxuoxinaui 
puB -umjas %os P^b aajg-uinjas %os ui (sneo 
gOT * O'S) snao aaonpoad 30 uox^Bqnoux JLq paiaqsi OT 
AxTBOx^aq^uAsoxq sbm stuxa 'saxpn^s a^s^di! joa 

•(986T) ZfrTE-EETE:? "TTUBIH ""I* 7* 'Tf 'sauB S 
•ie6-x q^ xm pauxB^s snao aAX^xsod 30 uox^Buxuua^ap 

itq pa^B^x^usnb puB ((886T) fr9fr9~09fr9 
VSII 'tag 'P1&3V 'T^M 'D'H 'ub6xtitiw puB go 

*0 'soubo) MOO}S TBJXA 30 suoxqnixp bux^xuixi 6uxsn 
s^SBTqojqx3 asnoui EXE HIN «T sAbssb uox^oa3SUBJ^ 
Zq pauxuiaa^ap sbm suox^BJBdajd stijxa pax3xpouum 
30 A^xxxqBfA -uox^BaBdaad ja^3^ Aia^Bxpauiuix 
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'uo^jon JLq poq^aui aq} SuxpJoooB uxa:*0Jd jeinnao 

30 6ui/n ux passajdxa ajaM s^insan *uox}OBaj q£ 
aq:} a^Buxuua} 0} SoD^en 30 uox^xppB jar^e ura 03fr }e 
aouBqjosqB Zq pa^e^x^uenb A^xax^db asBpxso}OBXB6-g 
puB (bui6is 'OdNO) apxsouBjZdo^OBiB6-iXuandojc^iu-o 
q^TM pa^OBaj sbm 'xui x*0 'a^es^x aqj *pasAx 
uaq^ 'auiiBS paaajjnq a^Bqdsoqd q}XM paqsBM ajaM qz 
(qsxp uiui 09/STiao 9OIXT Ax^euixxcuddB) sjaAeiououi 
Iiao 'jaxjq ui '((986T) 8ST-Z.9T 'o*a uo}6uxqsBM 
'ssaj£ iHI TO 'JaAOXD 'spa 3 *xoa ' 
YNd "D 'ubuijod) ubuijoo 30 poq^aui aqq. oq 6uxpjooob 
uoxssajdxa aua6 u6xaaog 30 ajnseaui b sb Z^xax^ob 03 
asBpxso^oBiB6-g J03 paAsssB ajaM sn^D *^OD %S 
japun o^iz 1* sAsp g J03 snao 0} pasodxa pub umxpaui 
aan^xno aq^ 03 pappB ajaM umxpaui s.axSsa pai3TPOui 
s.oooaqxna ux 'smiA paxgxpoiuun puB paxgxpoui 
30 (uxa:*0Jd TBJxa 6ui g'o) 'YNH M £'9x 's^unouiB gx 
IBnba • (rN 'M"d uxoduxi 'od ox3j}uaxos uooxb,*) 
saqsxp ox^SBxd uiui 09 ux XWSXTQO gOI x (T3-g*0 
30 Z^xsuap b }b pa^Bxd ajaM sxx^s ^a6jBx 'X^xax^ob 
asBpxso^OBXB6-g jBxnxx^a 30 }uauiajnsBau Aq paMOxxo? 
sujxa pax3xpouiun pus pax3xpoui oq. pasodxa ajaM sauxx OT 
XX®3 }uapoj om} pus uBumq ow; aqq. 'uoxqBOX3xpoui 
XBOxuiaqo ja}3B x BU OT3° un 3 P u ^ snox^oa3ux 
pauxBiuaj stuxa jaqqaqM auxuua^ap oq, japjo ui 

auap ieu6T^5Uftj pile uOt^S agUI t^^TA 303 5A6S5V go 



* Z 0D %S ^apun 0 o lz 1* uiruas auxAoq 
XB^a3 pa^BAX^oBux }Baq %ox q^T M pa^uauiaxddns umxpaui 
XBX^uassa ummxuxui s.axfiea ux pauxsquxBui ajaM xiY 
•(dW 'axxT^^OH) uox^oaxxoo ajn^xno adZj, UBOXjauiv 

# 
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P. A. and Coffin, J.M. Mnl. Cell, Biol. £:281-290 
(1985), using purified £^ B-galactosidase 
(Sigma) activity as a standard. Protein 
concentrations of the cellular samples were 

05 determined using a Bio-Rad Protein Assay Kit 
(Bio-Rad) following the manufacturer's 
instructions. For competition experiments/ virus 
was added to the cell media together with a 100-fold 
molar excess of a natural asialoglycoprotein, 

10 asialoorosoraucoid/ prepared by desialylation (Oka, 
J. A., and Weigel, P.H. iL Biol- Chem. 258: 
10253-10262 (1983)) of orosomucoid as previously 
described by Whitehead., D.H., and Sammons, H.G. 

Biochim. Biophvs. Acta 124:209-211 (1966). 

15 Background enzyme activity was determined in 

corresponding untreated cells and subtracted from 
the values of viral-treated samples. All assays 
were performed in triplicate and the results 
expressed as means ± S.E. 

20 Table 1 shows that unmodified virus did not 

produce enzymatic activity in human HepG2 or SK Hepl 
cells as expected from the ecotropism of the virus. 
Also, modified virus did not produce fl-galactosidase 
activity in SK Hepl, asialoglycoprotein receptor (~) 

25 cells. However, modified virus did produce high 

B-galactosidase activity, 71.2 ± 4.8U/mg of cellular 
protein, in human HepG2, asialoglycoprotein receptor 
(+) cells. Furthermore, this enzymatic activity was 
completely suppressed by addition of a large molar 

30 excess of asialoorosoraucoid, supporting the notion 
that the transfection by modified virus was, in 
fact, mediated by asialoglycoprotein receptors. As 
expected from the ecotropism, B-galactosidase 
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activity was high, 50.6+5.2. in Morris 7777 rat 
cells after exposure to unmodified virus. 
Interestingly, B-galactosidase activity in these 
same cells was significantly lower when exposed to 

05 the same amount of modified virus. The same 

tendency was seen in originally susceptible murine 
NIH 3T3 cell as enzymatic activity after exposure to 
unmodified virus, 56.7 ± 1.8, was more than double 
that following exposure to modified virus 27.0 ± 0.9. 

10 The coupling reaction linking lactose to 

protein has been shown to be enhanced under alkaline 
conditions. Schwartz, B . A . and Gray, G.R. Arch. 
Biochem. Bioohys. iqi«R42-«wiq (1977). However, such 
conditions could be detrimental to the virus. To 

15 determine the optimal pH that results in modified, 
yet functional vectors, virus modified at different 
pHs were administered to HepG2 cells, and 
B-galactosidase activity measured. Table 2 shows 
that enzymatic activity rose from 50.3 ± 1.2, for 

20 virus modified at pH 7.4; to 71.2 ± 4.8, for virus 
modified at pH 8.0. However, activity was 
significantly lower, 25.1 ± 2.4, in cells treated 
with virus modified at pH 8.4. 



WO 92/06180 




-15- 




PCT/US91/07103 



Table 1 

Callttlar fi-Galactosidase Activity 
Following Expos ure to Viral Preparations* 

B-Galactosidase Activity* 
Mean ± S.E. (U/mg) 

05 " asG Unmodified Modified Modified 

Receptor Virus Virus Virus + 

Status _ _ ASOR**^ 

Cell Line 
(Source) 

10 HepG2 „ 0 _ , , 

(human) ( + ) 1.8 ± 1.9 71.2 ± 4.8 2.9 ± 1.1 

SK Hepl A „ _ ^ 0 c 

(human) <-) 1.7 ± 3.4 0.8 ± 4.6 1.6 ± 2.5 

Morris 7777 

15 (rat) (-) 50.6 ± 5.2 16.3 ± 4.4 15.7 ± 4.7 

NIH 3T3 , , ^ 0 _ n 

(mouse) (-) 52.1 ± 4.9 15.4 ± 1.1 16.3 ± 3.9 

+ virus was modified at pH 8.0 then incubated 
with cells for 5 days. 

20 * calculated as the difference in activity between 
treated and^ untreated cells. 

** asialoorosomucoid (ASOR) in 100-fold molar 
excess. 

AsG, Asialoglycoprotein 
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Table 2 



Effect of the pH During Modification of Viral 

Transfection in HepG2 Cells 



Specific B-Galactosidase Activity 
(Mean ± S.E. U/mg protein)* 



05 



Modified Virus 



7.0 



50.3 ± 1.2 



8.0 



71.8 ± 4.1 



10 8.4 



25.1 ± 2.4 



Modified Virus 
+ Asialoorosomucoid** 



6.4 ± 1.9 
4.9 ± 0.4 
0.0 ± 1.6 



after 5 days of exposure to modified virus. 

B-galactosidase activity of samples treated with 
modified virus plus a 100-fold molar excess of 
asialoorosomucoid. 
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tiling *° Demonstrate 

S&S Activity 
To confirm the colorimetric results, and to 
determine the fraction of cells that expressed the 
05 B-galactosidase gene after exposure to viral 
samples, histochemical staining of in fiitu 
B-galactosidase activity was performed according to 
the method of Sanes fit al^. EMBO J. 5:3133-3142 
(1986). In brief, cultured cells in 35 mm dishes 
10 containing 0.5 -1 x 10 6 cells treated for 5 days 
with equal amounts, 8.4 ug of viral RNA (0.3 mg 
viral protein), of modified or unmodified virus. 
Cells were fixed in 0.5% glutaraldehyde (Sigma), 
phosphate buffered saline, then incubated with 1 mM 
15 MgCl 2 , phosphate buffered saline, and overlaid with 
lmg/ml 4-Cl-5-Br-3-indoylyl-B-galactosidase (X-gal) 
(BRL , Washington, D.C.), 5 mM potassium 
ferricyanide, 5 mM potassium ferrocyanide and 2 mM 
MgCl2 in phosphate buffered saline. After 
20 incubation at 37°C for 1 hour, the dishes were 

washed in phosphate buffered saline to guench the 
reaction and evaluated by counting positive (blue) 
cells under a light microscope and the results 
expressed as the percent of positive/10 high power 
25 fields. 

Hi situ staining for B-galactosidase activity 
in cells treated with various viral preparations is 
shown in Figure 1. In rodent NIH 3T3 cells treated 
with unmodified virus, panel B, 12.6% were positive 
30 for B-galactosidase activity using the X-gal stain. 
Background staining in untreated NIH 3T3 cells was 
not detectable, panel A. After exposure to modified 
virus, only 3.6% were positive under otherwise 
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identical conditions, panel C. Human SK Hepl cells 
that were untreated, panel H, or exposed to either 
unmodified virus, panel I, or modified virus, panel 
J, failed to develop detectable staining. 

05 similarly, HepG2, asialoglycoprotein receptor (+) 
cells treated with unmodified virus, panel E, did 
not develop evidence of significant B-galactosidase 
activity. However, HepG2, receptor (+) cells 
treated with modified virus, panel F, did develop 

10 substantial staining. Microscopic counting revealed 
that 36.4 % of the HepG2 , cells possessed detectable 
marker enzyme. The observed color development was 
completely suppressed by addition of a 100-fold 
molar excess asialoorosomucoid to compete for uptake 

15 by asialoglycoprotein receptors, panel G, indicating 
involvement of asialoglycoprotein receptors in the 
transfection process. 

Assays for Cellular uptake of Virus 

To determine whether the modified virus was 
20 actually taken up by cells and, if so, whether 

asialoglycoprotein receptors were involved, HepG2, 
SK Hepl and Morris 7777 cells, 5.0x10 s cells/35 mm 
dish, were incubated at 37°C in serum-free 
Dulbecco's modified Eagle's medium containing 
25 35 S-biolabeled, modified virus, 3.3 jig viral RNA 
(98 \xg viral protein) (Watanabe, N. , fit al. Cancer 
Immunol . Immunother . 2fi.:157-163 (1989)) with a 
specific activity of 6.1xl0 5 cpm/mg viral RNA. At 
various times, medium was removed, and cells were 
30 chilled to 4°C, washed with ice-cold minimum 

essential medium containing Img/ml bovine serum . 
albumin. Surface-bound radioactivity was stripped 



WO 92/06180 




PCT/US91/07J03 



with cold 0.5 ml phosphate buffered saline, pH 7.2 
containing 0.4% trypsin, 0.02% EDTA and separated 
from cells by centrifugation. The cell pellet was 
solubilized in 0.2 N NaOH and Poly-Fluor (Packard, 

05 Chicago, IL) , and trypsin-EDTA resistant 

(internalized) radioactivity was measured by 
scintillation counting (TRI-CARB 4530, Packard). 
Schwartz, A.L., fit al*. £ - Biol. Chem. 216:8878-8881 
(1981). Non-specific uptake was measured in the 

10 presence of a 100-fold molar excess of 

asialoorosomucoid, and specific uptake calculated as 
the difference between total and non-specific 
measurements. All assays were performed in 
triplicate and the results expressed as means ± S.E. 

15 in terms of ng viral RNA/10 5 cells as a function of 
time. 

Figure 2 shows that, of the two human and one 
rodent cell lines, only the human HepG2 
asialoglycoprotein receptor (+) cells demonstrated 

20 significant specific uptake of labeled virus. 

Counts resistant to EDTA and trypsin, increased as a 
function of time and continued to rise linearly 
through 120 minutes of incubation at a rate of 
approximately 800 ng viral protein/hr/10 5 cells. 

25 These data further support the notion that the 
observed expression of the galactosidase gene by 
modified virus was in fact due to internalization of 
the virus by asialoglycoprotein receptors. 

Stability Qf Modified virus 

30 To assess the stability of modified virus, 

samples of freshly prepared sterile, modified virus 
were incubated in serum-free Dulbecco's modified 



u 
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Eagle's medium at 4°C and 25°C. At various times, 
samples were added to the medium of HepG2 cells and 
incubated for 5 days. Cells were then assayed for 
S-galactosidase activity by colorimetric assay as 

05 described above. All assays were performed in 

triplicate and the results expressed as means ± S.E. 
in terms of U/mg cell protein normalized for the 
amount of virus added as a function of time of 
incubation. Table 3 shows that enzymatic activity 

10 at both 4°C and 25°C / decreased with time to 

approximately 50% of original activity after 48 
hours . 

Table 3 
Stability of Modif ied Virus 



15 Specific Activity 

Temperature Time of (Mean + S.E. 

Incubation U/mg protein)* 

4°C 0 hr 50.3 ± 1.2 

24 hr 42.0 ± 5.6 

20 48 hr 22.6 ± 2.5 

25°C 24 hr 37.1 + 2.8 

48 hr 17.6 ± 1.1 



* after 5 days of exposure to modified virus 

Specific B-galactosidase activity was calculated 
as the difference between samples treated with 
virus alone, and samples treated with modified 
virus plus a 100-fold molar excess of 
asialoorosomucoid. 
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The coupling of lactose to proteins to target 
artificial asialoglycoproteins is based on the 
specificity of sodium cyanoborohydride to reduce 
Schiff's bases formed between aldehyde and amino 

05 groups to render the bonds irreversible. Treatment 
of viruses with aldehydes is not always similarly 
benign. For example formaldehyde has been used to 
inactivate viruses in the production of vaccines. 
Buynak, E.B., et al . J. Am. Med. Assoc. 223.1 

10 2832-2834 (1976). The data presented here indicate 
that under the conditions described/ the 
modification process results not only in altered 
specificity of infection, but also results in 
preservation of viral gene expression. Furthermore, 

15 the data indicate that the production of modified 
yet functional virus increased with increasing pH of 
the modification reaction up to a limit of 
approximately 8.0/ beyond which the function of the 
virus became compromised. 

20 Many retroviruses have been shown to enter 

cells normally via endocytosis and are thought to 
introduce their genetic material during an 
acidification step in the pathway. Andersen, K.B. 
and Nexo, P. A. Virology 125:85-98 (1983). Although 

25 the asialoglycoprotein endocytotic pathway is 

ultimately degradative with delivery of ligands to 
lysosomes (Tolleshaug, H., £±. al. Biochim. Biophvs. 
Acta 585:71-84 (1979)), early in the internalization 
process, endosomal endocytotic compartments are 

30 acidified prior to fusion with lysosomes. Tycko # B. 
and Maxfield, R.F. Qsdl Ifi: 643-651 (1982). This 
period of acid exposure may be analogous to the 
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natural route of entry for some viruses (Nussbaum, 
0., and Loyter, A, FEBS Lett. 221! 61-67 (1987)) and 
may provide the requisite conditions for acid- 
mediated fusion of the viral envelope of endosomal 

05 membrane prior to destruction of the virus. 

Helenius, A. Biol. Cell 51:181-186 (1984). The fact 
that modified virus is still able to introduce its 
genome into target cells suggests that the process 
of chemical modification did not abolish the 

10 function of those elements of the virus. 



B. VI RUS - A S I K W QliY QQ P R QT E I N C ONJ UGATES 

Crude preparations of virus obtained by 
low-speed centrif ugation of medium from producer BAG 
cells followed by high-speed centrif ugation through 

15 a discontinuous sucrose gradient as described 

previously was dialyzed against 0.9% saline, pH 7.5/ 
at 4°C. After dialysis, NHS-LC-biotin (Pierce 
Chemical Co., Rockville, IL) was reacted with the 
virus (0.1 mg/ml of virus) at room temperature for 

20 four hours. The sample was then dialyzed against 
0.9% saline, pH 7.5 at 4°C. Asialoorosomucoid 
(AsOR) was obtained by desialylation of serum 
orosomucoid originally derived from pooled human 
serum. Whitehead, D.H. and Sammons, H.P. Biochem. 

25 Biophvs . Acta 124 :209 (1966). AsOR 0.1 mg was added 
to 1.0 mg of virus, thoroughly mixed and then 1.0 mg 
of avidin per mg of virus was added and allowed to 
incubate at room temperature for four hours. The 
complex was then dialyzed against Modified Eagle's 

30 Medium. Complexed virus was purified on a Sephadex 
G150 molecular sieve column. To determine 
conditions for purification, a viral complex was 
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prepared in which asialoorosomucoid was labeled with 
125i. Figure 3 shows that asialoorosomucoid alone 
was eluted from the column beginning at fraction 
number 32. Avidin, as detected by its optical 

05 density at 280 nm, eluted slightly later beginning 
at tube 33. However, unlabeled virus alone was much 
larger than either of the other two proteins and was 
eluted earlier with a peak at tube 29. The column 
was able to completely resolve virus from 

10 asialoorosomucoid and avidin. Figure 3 also shows 
that this virus complexed with 125 I-labeled AsOR 
mediated by biotin-avidin bonds, the radioactivity 
from the AsOR moved to the same position as expected 
for the intact virus, namely with a peak at tube 

15 29. These data indicate that some labeled 
asialoorosomucoid was bound by the virus and 
migrated with it through the column. 

In order to determine whether this complex 
could be used to target gene expression specifically 

20 to asialoglycoprotein receptor (+> cells, conjugated 
virus was incubated for 10 days with each of five 
cell lines: Hep G2, receptor <+); Huh-7, receptor 
(+); SK Hepl, human hepatoma receptor (-); Mahlavu, 
receptor (-) and Morris 7777, rat hepatoma receptor 

25 (_) cells. Figure 4, lane 1 shows that Hep G2 
receptor (+) cells treated with conjugate had 
beta-galactosidase activity at a level of 2.3 
units/mg of cell protein which is approximately 50% 
of the activity of the producer cell line, BAG shown 

30 in lane 11. Hep G2 cells without treatment were at 
a level of 1.81 units/mg. Huh-7 receptor (+) cells 
treated with conjugate had higher levels of 
beta-galactosidase, 3.8 units/mg as shown in lane 3 
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corapared to those cells treated with biotinylated 
virus without asialoorosomucoid present in a complex 
shown in lane 4. This was similar to the levels 
obtained from these cells that were not treated at 

05 all as seen in lane 5. Lane 6 shows that Mahlavu 
receptor (-) cells treated with conjugate did not 
have any significant beta-galactosidase activity 
compared to those same cells that were untreated 
shown in lane 7. Similarly lanes 8 and 9 show that 

10 Morris 7777 cells treated with other conjugate or 
biotinylated virus without asialoorosomucoid/ lanes 
8 and 9 respectively, showed no significant 
beta-galactosidase activity compared to those same 
cells that were untreated shown in lane 10. SK HEPL 

15 cells responded similarly to the receptor (-) Morris 
7777 cells. 

In the staining procedure described in Example 
1, Hep G2 cells treated with the conjugated virus 
produced a bluish coloration as did the Huh-7 cells 
treated similarly. However, cells that did not 
receive treatment had no staining. 



20 



Chemical Modification and Alteration of Host Cell 
Specificity of HeoatitisoB Virus (HEKH 

25 Hepatitis B virus is a human pathogen that 

possesses very narrow host (species) and organ 
(liver) specificities. In vitro , the virus is also 
very fastidious as evidenced by the fact that human 
hepatocytes or hepatoma cells in culture cannot be 

30 infected by HBV without unusual and highly 

artificial conditions such as high concentrations of 
corticosteroids . 
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r-Us anfl cell Culture 

Hepatitis B virus (HBV) was obtained from 
Hep G2 producer cells chronically infected with HBV 
as described by Sells fit al- Proc. Natl . Acad. Sci. 

05 fii: 1005-1009 (1987), and maintained in Dulbecco ' s 
modified Eagle's medium (MEM) containing G418 as 
380 mg/ml, supplemented with 10% heat inactivated 
fetal bovine serum. To test the infectivity and 
specificity of unmodified and modified HBV, two 

10 human cell lines were cultured. Huh7 human hepatoma 
cell line which possesses asialoglycoprotein 
receptors and IMR-90 fibroblasts which do not 
possess asialoglycoprotein receptors were maintained 
in Dulbecco' s modified Eagle's minimum essential 

15 medium supplemented with 10% fetal bovine serum 
(FBS) . 

isolation of HBV 

HepG2 cells were cultured in serum free media 
for three days. The medium was centrifuged at 2000 
20 rpm to remove debris and the supernatant applied on 
10-20% lactose gradient, pH 7.4, 8.0 or 8.4, and 
ultracentrifuged at 40000 rpm in VTi55 rotor at 4*C 
for 16 hours to pellet and isolate the virus. 



Cnft ffl i ™ 1 Modification of HBV 
25 HBV obtained (3.0 mg of protein) was 

lactosaminated in a similar fashion to that 
described in Example 1 using 10 mg of sodium 
cyanoborohydride for 3 hours at 25°C. The modified 
virus was sterilized by filtration through 0.45 um 
30 membranes and then dialyzed against MEM through 

membranes with a 12-14000 molecular weight exclusion 
limit followed by dialysis against MEM plus 10% FBS. 
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Infection of Cells wit h Unmodified and Modified hrv 

Huh7 and IMR-90 cells were plated at 25-50% 
confluence in 35 or 100 mm diameter plastic dishes. 
Cell medium was removed and replaced with medium 

05 containing modified or unmodified virus and 

incubated at 37°C. Cells were washed and changed to 
fresh medium every three days and at regular 
intervals cells were studied for the presence of HBV 
DNA and medium analyzed for the presence of 

10 hepatitis B surface antigen (HBsAg) . 

Detection of Targeted HB V DNA in Huh7 Cells Treated 
with Modified and Unmodified Fjp y 

DNA was extracted from cells according to the 
method by Blin, N. and Stafford, D.W. Nucleic Arid 

15 fie^ 2:2303-2312 (1976), in which the cells were 

washed twice with 10 ml of cold Tris-buf f ered saline 
(TBS), scraped off into TBS and centrifuged at 200 
rpm. The cell pellet was resuspended in 10 raM 
Tris-HCl, pH 8.0, 1 mM EDTA, pH 8.0, was added to 

20 the same buffer containing 20 mg/ral RNase, 0.5% SDS, 
and then treated with proteinase K. Cellular DNA 
was isolated by ethanol precipitation after phenol 
extraction. The DNA was analyzed by Southern blot 
using a y 32 P-ATP labeled cDNA probe specific for HBV 

25 sequences (a Bam HI restriction fragment of plasmid 
adw HTD carrying the HBV genome, obtained from Dr. 
Jake Liang, Massachusetts General Hospital). 

The Southern blot showed no hybridizable 
sequences when probed with our cDNA probe specific 

30 for HBV. This confirms the previous finding that 
Huh7 cells, even though of human origin, cannot be 
infected by unmodified HBV under the conditions of 
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routine cell culture. In addition, the data 
indicate that the washing procedures eliminate any 
detectable non-specif ically bound HBV DNA on these 
cells. However, treatment of the Huh7 cells with 

05 modified HBV for as little as one day of incubation 
resulted in a- strong signal of hybridizable bands on 
the Southern blot corresponding to those expected 
for the plasmid sequences. IMR-9 0, 
asialoglycoprotein (-) cells did not produce 

10 hybridizable sequences under any conditions. 

p ortion of HBsAq in the Supernatant Of Huh7 and 
IM R- QQ Cellg Exposed to Unmo dified or Modified HBV 

Medium from Huh7 and IMR-90 cells was incubated 
with modified or unmodified HBV as described above 

15 and at various intervals was assayed for HBsAg by an 
enzyme immunoassay kit (Auszyme Monoclonal). The 
conditions were those recommended by the 
manufacturer, Abbott Labs. 

As shown in Table 4, the background color 

20 absorbance was approximately 0.121 in untreated Huh7 
cells and there was no significant difference 
between day 1 and day 7. Unmodified HBV did not 
result in significant production of HBsAg • 
Absorbance here was approximately 0.180. Similarly, 

25 the color absorbance reflecting HBV levels in IMR-90 
cells did not exceed 0.110. However, Huh7 cells 
treated with modified HBV released HBsAg into their 
supernatants, with absorbance ranging from 0.760 to 
0.865. 
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Table 4 

Levels of Hepatitis B Surface Antigen (HBsAg) in 
Culture Medium as Determined by Auszyme Assay 

(Absorbance Units) 



05 Cells 

IMR-90 Huh7 

Day Modified Vntregtefl Upmpflif ied Modified 

HBV HBV HBV 

1 .121 ± .054 .135 ± .017 .850 ± .010 

10 3 .186 ± .036 .700 ± .012 

5 -171 ± .010 .865 ± .053 

7 .110 ± .023 .764 ± .067 



Equivalents 

Those skilled in the art will recognize, or be 
15 able to ascertain using no more than routine 
experimentation, numerous equivalents to the 
specific procedures described herein. Such 
equivalents are considered to be within the scope of 
this invention and are covered by the following 
20 claims. 
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CLAIMS 



1. A method of targeting a virus or a cell for 

internalization into a target cell, comprising 
introducing onto the surface of the virus, or 

05 cell, a molecule which binds to a surface 

receptor of the target cell to produce a 
modified virus or cell which binds to the 
receptor, is internalized selectively by the 
cell in vivo and expresses the delivered 

10 nucleic acid. 



2. The method of claim 1, wherein the virus or 

cell is a bacterium, a protozoan or a mammalian 

cell. 



3. The method of claim 
15 cell, in unmodified 

internalized by the 



1, wherein the virus or 
form, is not normally 
target cell. 



4. The method of claim 3, wherein the virus or 

cell is a human pathogen and the target cell is 
a nonhuman cell. 



20 5. A method of targeting the internalization of a 
virus or viral component into a target cell, 
comprising introducing onto the surface of the 
virus or viral component a molecule which binds 
to a receptor of the target cell to produce a 

25 modified virus or viral component which binds 

to the receptor and is internalized selectively 
by the cell. 
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6. The method of claim 5, wherein the virus is 
infective. 

7. The method of claim 5, wherein the virus or 
viral component is replication defective, 

05 8. The method of claim 5, wherein the virus is a 
retrovirus . 



9. The method of claim 5, wherein the virus, or 
viral component/ in unmodified form, does not 
infect the cell. 



10 10. The method of claim 9, wherein the virus is a 
human pathogen and the target cell is a 
nonhuman cell. 



11. The method of claim 5, wherein the virus is a 
pathogen for hepatocytes. 

15 12. The method of claim 10, wherein the virus is a 
hepatitis virus. 

13. The method of claim 12, wherein the receptor 
mediates endocytosis of the molecule by the 
cell . 



20 14. The method of claim 13, wherein the receptor is 
an asialoglycoprotein receptor, the molecule 
introduced onto the surface of the virus, or 
viral component/ is a ligand for the 
asialoglycoprotein receptor and the targeted 

25 cell bears an asialoglycoprotein receptor. 
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15. The method of claim 13/ wherein the ligand for 
the asialoglycoprotein receptor is galactose or 
N-acetyl galactosamine and the target cell 
bearing an asialoglycoprotein receptor is an 

05 hepatocyte. 

16. The method of claim 5, wherein the molecule is 
introduced onto the surface of the virus or 
viral component by chemical coupling, 

17. A method of targeting the infectivity of a 

10 virus to a cell bearing an asialoglycoprotein 

receptor, comprising introducing onto the 
surface of the virus a ligand for the 
asialoglycoprotein receptor to produce a 
modified virus which infects a cell bearing 

15 asialoglycoprotein receptor. 

18. The method of claim 17, wherein the ligand for 
the asialoglycoprotein receptor is lactose or 
galactose. 

19. The method of claim 17, wherein the cell 

20 bearing the asialoglycoprotein receptor is an 

hepatocyte. 

20. The method of claim 17, wherein the virus is a 
human pathogen and the cell is a non-human cell. 

21. The method of claim 20, wherein the virus is 
25 hepatitis virus. 
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22. A modified virus, or component thereof/ having 
on its surface a molecule which binds to a 
surface component of a cell which is not 
normally infectable by the virus in its 
unmodified form, the modified virus, or 
component thereof, being capable of binding to 
and being internalized by the cell. 

23. The modified virus of claim 22, wherein the 
cellular surface component of the cell is a 
receptor which mediates endocytosis by the cell. 

24. The modified virus of claim 23, wherein the 
receptor is an asialoglycoprotein receptor and 
the molecule is a ligand for the asialoglyco- 
protein receptor. 

15 25. The modified virus of claim 22, which is a 
human pathogen. 

26. The modified virus of claim 25, which is a 
hepatitis virus. 

27. Modified hepatitis virus containing lactose or 
20 galactose terminal carbohydrates on its surface. 

28. A method of introducing nucleic acid into a 
cell, comprising: 

a) incorporating the nucleic acid into a 
viral vector comprising a modified 
25 virus, or viral component, containing a 

molecule on its surface which binds to 
a surface component of the cell; and 
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b) contacting the viral vector ana the 
cell under conditions which allow the 
vector to become internalized by the 
cell and expresses the introduced 
nucleic acid. 



29. The method of claim 28, wherein the virus, or 

component thereof, in unmodified form, does not 
ordinarily infect the cell. 

30. The method of claim 28, wherein the nucleic 
10 acid is an expressible gene. 

31. The method of claim 28, wherein the virus is a 
retrovirus . 



32. The method of claim 28, wherein the molecule 
introduced onto the surface of a virus or viral 

15 component is a galactose derivative, the 

cellular surface component is a ligand for the 
asialoglycoprotein receptor and the cell bears 
an asialoglycoprotein receptor. 

33. The method of claim 32, wherein the cell 

20 bearing an asialoglycoprotein receptor is an 

hepatocyte. 
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34. A method of infecting an animal cell with a 
human virus that, in unmodified form, does not 
normally infect the animal cell, comprising 
providing a modified human virus having on its 

05 surface a molecule which binds to a surface 

component of the animal cell, the modified 
human virus being capable of binding to and 
infecting the animal cell and contacting the 
modified virus and the cell under conditions 

10 which allow the modified virus to bind to and 

infect the cell. 

35. The method of claim 34, wherein the human virus 
is a human pathogen. 

36. The method of claim 34, wherein the animal cell 
15 and the modified virus are contacted in vivo . 

37. The method of claim 34, wherein the animal cell 
and the modified virus are contacted in vitro . 

38. An animal cell infected with a modified human 
virus, the cell being uninfectable by the virus 

20 in unmodified form. 

39. The animal cell of claim 38, comprising an 
hepatocyte infected with hepatitis virus. 

40. An animal infected with a modified human virus, 
the animal being uninfectable by the virus in 

25 unmodified form. 
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